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Relation between Ice-crystal Layer ａｎ¶!Precipitation
　　　　　　　　　　　　　　　　　byHisashi Ueta .,.・.･　.･･
　　　(PhysicfilＬａｂりratory,Ijiberal Arts l｀ふ俯i乱ｃよUniversity)
　I･ Introductioり-Though　there　have　been　many　theoi･ies　for　the　formation　of
precipitation, the　｡”ioe-ぽystal then゛y”＼vhich was, proposed by Bergerり111　柚d　developed
by, Findeiseji2 is　most　ｆａｍ。us　and　sｕ叫Dorted　by others:　Tt says大仏nt the amoimt Iif
precipitation is large ｗh‘en iin ice-ぼystａトlayer　exists　in　仏ｅ　upper　air, but　it　only
drizzles when it does not exist.　Hitherto there have been so fewりf a･仙ａｌaero】･)gioal
observations during precipitation that the theory is jiut am elusive･.ｂ４ Ａ.‘.Ｒ.Stiよley's
iuvestiiration^ is remarkable.　TJiis paper reports about tlie investigationりr the actual
states of the Upper air by data of radio-soiide.ヽ･
i　～　・
　　●　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　･-　●　　　●　　＿11. ' Data used for this investigation　　　　　　　　'卜
　　　This investigatiり<n is based on the data of radio‘soncle for three vears, fro° 19-17
t(J 1949, at Tateno Aerolりgical Station. Those days wliicli were rainy ，｡,Γcloudy fｒ。m 10
a. m.　to next 10 a. m. were selected, and of the cloudy clays only　th”se　(Ill　which
ice-ぽystal layers could form ill thど町)peｒ air.　Tlir.)Ugliout the three years there !vere
170 clays wlwch satisfied these ｃりaiditiojis.
　III.　The state of tlie upper air tliat is theoretically nble･to 11five an ice-crystal layer.
　　As relative liuniiclity is generally defined by percentage on　ａダflat water　surfaue,
there can ｂ２ under freezing point saturated or super-saturated states finｔ sui-face of ioe
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・　　　　　lthough un saturated on ａ flat water surface. The relation is sliown in Ｔに)le 1. Anri s･，
tｈｅ‘ireticallyunder freezing P'tiut an iiie‘orysta丿収er can exist in a state that has greater
relati゛ｅ humidity than saturated hiimidity on ice.　　　　，｡
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layer can exist∠Jn this paper 副! 'ioe-crystal layer' means this the･retical ioe-crystal layer.
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　　Fig. 2 shows the frequency of appearance･ ”fiCe‘crystal layers. The ordinate shuws height
　　(in km) aiicl the abscissa frequency (in･uumbe昨TJie ･days which liad ice-CTv.stal layers
　　　　　　　　　　　　　　　　　　　　　　　111J.　　　　　　　　　　　l　　　is･　　　　　　1　.　　　　　1　　F
　　Avere　sixty　four　in all.　Thと　full　line　shows -the total numberヽof i必･crystal layers ・
　　仙rougliout tlic seleoted three j'ears. It increases proportiりnal to thタlieight tilレドkm
　　and above the level･it remains alniost constant and the niaxi munパrequeiicy･appers at
７
　　and ８ km. The dotted line which stands for thよwarmer seas叫(from April to September)
　　shows the. maximum at ７ and ８ km and disappears under 1. 6 km.丿TI化b如除lトline
　　..　11　　　　　1‰　●'｀　ΦΓ●　●　　　.　　　　　　　　　　　　　　　・jl｀　4.11●4｀　ゝ　　　゛●　　　　　d，　'　　　・
　　whic.にrepresents　the colder seas叫(from October tりMarch)‘refiches its　niaximiim　at
‘　, 3 and 4 km, showing incidentally tliat ゛ｙｉｃｅ七rystal layer (jan appear 61゛幽谷earth's丿
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TABLE 2.
　J V. Relati･,ｎ between ･daily amount of preuipitation and the selected･clays.　1
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　　　1^0 exan!ｉｎｅへ,vlu(･h had niり1-e　precipitation, the days which had ice-crystal layers or
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thdse wJiich had not。the daily amount of precipitation was divided ，
into five grades, '
0-10,………J･Q
7
20,. 20-30, ,30 -.40･mm ajid mぽｅ than 40 ml娠and compared them weighted
means. Tlien tlie former iぐ１４‘ mm, the latter 9,6 n!m, tliat iS，!he former has a 11りIe .
larger amount of precipitation　thiiji the latter. These are en listed
，
in ･7!rable. 2.;　　　　，
　　f　　　　　　　°　　　　　　　●　　　　　　・　　　　　　　s　　●1　　　　　　－　　　　゛　　　゛　　.rl :
Next the･ｒｅ】atiou between the　previous five grades ,of daily amount,'ダ/p呻■ipitatiりｎ.
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and it shows that in the warmer　season　仙ｅ　days･　　　％ご
which have 0 ， 10 mm and 30 - 40 mm are rare,　mo　'≒
tJiose of ，10
｡-20｡mm,　20 '
芦O mm 20如郷d一岫ose　　，　づﾉA)∧
which have more than ４０ mm ４０％.　In the colder ･-
I　　　　■
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●　　　1　　　｢season tlie days of 10-20 mm are 15仙ａｎｄ those of
20 °３０ mm are rare. The relation between the deptl! of 50：。－
哨ｅ ice-urystal layer and lp!‘eoii>itatioiiand that between ∧　　　:
the height of tlieｉｃｃ‘lii-ystal　layei-　and　the　amoiui f
of　precipitation･were　exftmi]＼ed　but　there　ｗｇs十no. "△・
〔decisive relati。to be found.　　　　　　　　　　　　　　　　　　　　　｡。
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　Ｖ.　Summary.
　　The results 池ｅ to be summarized as follows.　･I
　　(1)Ａｎ ice-crysta□ayer appears ｍりstfrequentl}'^
at 7 0ｒ 8 km in the ＼varmei･season and ａt‘3or 4 :km
in the colder season.　　　　　　　　　　、゛　　　　、.
〔???（）
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　　　　FlG.3
　　　　　1　　　　　　　　　、Number of r.iiuy cUiya 、vithice、cryst:d
juyers (represented by pcrcou'.ago)
　(A) in tれｅｗ乱rnierseason
　｡(B)､in､tlie colder season
　　(2)‘・ Ａ day that has an ice-orystal layer hiis a little larger ａｍ‘'・J｀い)fprecipitation
than one which has not.　　　　　　　　・犬　．'，．
レ(3)･There is no relation between the aniounいif precipitati臨and the depth り「
　　　　　　　　　　　　　　　　　　　　la　　　jheight of the ice-crystal layer. 　 .　　　　　　　　　　　　　　｀
　　Though the 0りnditiou ｏｆ仙ｅ existence of the ioe-crystal layer is desuribsd ill section
in, it may not be so simple in actual case, b乱卵Ｓｅ ａ rain drヽ'pis a siilutioii and ｈ゛S
curvature ゛d super-oooled ligiiid water can exist in 瓦･cloud.　rt is aIS。 known from
radio-sonde data tJiat liquid water can exist at ゛1relative humidity under 100如ｉｎ ａ゛
CI”ud. T hese prub]ems must be Ivept in mind but it is dぼicult to enter into tlienいvith
the above mentioned　avai]able datft.　　　　　　　　　　　　　　'　　ヶ
Ackllo^yleclgemeJlts.
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References.
1
2.
T･ Bergeron. Proo;-Verb de r U.G.G.r･･Lisbonne･ 1933.　　　，
Ｗ. Findeisen. Met. Zeit. fur angewandもe Metetirolugie;55. Jahrが。
　　　　　　　　　　　Heft 7，S. 208, Leipzig, 1938。，
3. A. Ｒ. StickJey. Ｍ。iitlilyWeather Review, p. 272. Oct.･1940.
３
／
{Received二November 30， 1950)

